Objective: To describe the relation between body composition and age measured by dual-energy X-ray absorptiometry (DXA) in healthy Japanese adults. Design: Cross-sectional study. Subjects and measurements: The subjects were 2411 healthy Japanese adults (males 625, females 1786, age 20 ± 79 y) who attended the Fukuoka Health Promotion Center, Fukuoka, Japan for health check-up. Body composition was determined by DXA (QDR-2000, Hologic) for the whole body and three anatomical regions of arms, legs and trunk.
Introduction
Body composition is considered to be related to various health problems. For example, obesity, excess accumulation of fat, increases the risk of all-cause mortality and diseases such as cardiovascular diseases, diabetes mellitus, hypertension and osteoarthritis (Hubert et al, 1983; Stevens et al, 1998; Must et al, 1999) . Aging is one of the factors that in¯uence fat accumulation and it is important to study the age-related differences in body composition, which can be speci®c to both sex and ethnicity (Gallagher et al, 2000; Wagner & Heyward, 2000) , for the understanding and management of obesity. It is reported that the distribution of the body mass index (BMI) differs between Japanese and Caucasians (Yanai et al, 1997) and thus the relation between body composition and age may also be different. Although BMI is often used for the assessment of obesity, some studies have questioned the appropriateness of using BMI for evaluating body fatness and recommended the application of methods estimating body composition more directly (Smalley et al, 1990; Roubenoff et al, 1995; Curtin et al, 1997) . However, there are only a few studies which have evaluated the sex-and age-speci®c differences in fat mass (FM) in large populations using more`direct' methods instead of anthropometry, such as hydrodensitometry (Barlett et al, 1991) , bioelectrical impedance analysis (Heitmann, 1991; Roubenoff et al, 1995; Pichard et al, 2000) , or a combined application of dual-energy X-ray absorptiometry (DXA) and near-infrared interactance (Rico et al, 1994) . In addition to FM, the impact of the agerelated decrease in skeletal muscle mass on the health problems in the elderly is also beginning to be realized (Baumgartner et al, 1998) , especially after the term`sarcopenia' was coined (Rosenberg, 1997) . Although the agerelated decline in lean mass (LM) is well described (Forbes, 1987) , studies on large populations are scarce (Rico et al, 1994) . In the present study, body composition was evaluated by DXA. Not only can DXA separately measure FM, LM and bone mineral content (BMC) but it also provides information on the distributions of these three constituents of body composition (Jebb, 1997) . The purpose of this study was to describe the relation between age and body composition, particularly FM and LM, in healthy Japanese adults and to compare it with the previous reports studied mainly on Caucasians.
Methods

Subjects
Between October 1995 and March 2000, 2911 subjects (males 809, females 2102, age 16 ± 89 y) voluntarily attended the Fukuoka Health Promotion Center in Fukuoka City, Japan for a health check-up. The health check-up was held, on average, 5 days per month, which was announced in a newspaper published every 2 weeks by the municipal government. All subjects were Japanese and ambulatory, and most of them were residents of Fukuoka City (population 1.3 million) and its suburbs. Where the subject visited the Center more than once, only the data obtained on the initial visit was included.
Subjects were excluded from analyses when the medical history indicated the presence of diseases such as cardiopulmonary disease, stroke, diabetes mellitus, renal disease, hepatic disease or malignant tumor. In addition, subjects with the following abnormal ®ndings were excluded: poorly controlled blood pressure (systolic pressure ! 160 mmHg andaor diastolic pressure ! 100 mmHg); hyperglycemia (fasting blood glucose ! 7.0 mmolal andaor hemoglobin A 1C ! 6.5%); liver dysfunction (serum alanine aminotransferase ! 50 Uadl); or renal dysfunction (serum creatinine b 1.5 mgadl). There were 377 subjects who were excluded by the above criteria for pathological conditions. Subjects without serious medical problems were included in the present study (eg those with hyperlipidemia or obesity without complications, mild hypertension or mild liver dysfunction). The data for the whole-body DXA were not available in 100 subjects typically because only lumber scanning was performed or the subject could not rule out the possibility of pregnancy. Subjects younger than 20 y (n 14) and older than 79 y (n 9) were excluded from the analyses because of the small sample size.
The ®nal sample included 2411 healthy subjects (males 625, females 1786). Although none of the subjects were professional athletes, the levels in physical activity of the subjects varied from sedentary (about 70% of the subjects) to very active, allowing us to analyze a population with a wide range of levels of physical activity. Written informed consent was obtained from each subject.
Medical examination and anthropometry
The subjects participated in the medical examination on the morning after fasting overnight. Interview on medical history, physical examination and routine laboratory examinations were performed. Height and body weight were measured in light clothing to the nearest 1 mm and 0.1 kg, respectively. BMI was calculated by dividing the body weight in kilograms by the square of height in meters. The waist circumference was measured at the smallest circumference between the lower rib margin and the iliac crest, while the hip circumferences was measured at the largest circumference between the waist and thighs. The circumferences were measured to the nearest 1 mm while the subjects were in the standing position. Waist ± hip ratio was calculated.
Dual-energy X-ray absorptiometry Body composition was measured by DXA (QDR-2000, Hologic, Waltham, MA, USA) and analyzed with the software version 7.20. The analysis was performed by one technician in order to minimize the variations in the measurement. The DXA scanner utilizes an X-ray tube as the radiation source alternating between two excitation voltages of 70 and 140 kVp that generate effective dual-energy photons of 43 and 110 keV, respectively. The scan was performed in the fan beam mode, which requires less than 6 min for scanning the whole body. FM, LM and BMC of the whole body and speci®c anatomical regions of the body (arms, legs and trunk) were determined by the default regions. The mass of a speci®c region(s) is indicated by subscript in this study. Bone mineral density (BMD) was calculated by dividing BMC by the area. Percentage fat mass of the whole body (%FM) was calculated as 100(FM)a(FM LM BMC). The appendicular skeletal muscle mass (LM armslegs ) was de®ned as the sum of LM for arms (LM arms ) and legs (LM legs ), and percentage appendicular skeletal muscle mass (%LM armslegs ) as 100(LM armslegs )a(FM LM BMC). The mean values of coef®cient of variance (CV) for scanning precision obtained by repeating the measurement within 2 weeks (n 17) were 3.8%, 1.3%, 1.6% and 1.7% for FM, LM, BMC and BMD for the whole body, respectively. The ranges of the mean CVs for the three anatomical regions (arms, legs and trunk) were 5.3 ± 8.3%, 1.7 ± 3.4%, 2.3 ± 2.8% and 1.4 ± 2.6% for FM, LM, BMC and BMD, respectively.
Statistical analysis
The statistical analyses were performed using SPSS 10.0J for Windows (SPSS Japan, Tokyo, Japan). Differences among age groups were compared by unpaired t-test or analysis of variance with Bonferroni's post-hoc analysis. In the multiple linear regression analysis, a backward stepwise elimination procedure was applied. Two-tailed P-values of less than 0.05 were regarded as signi®cant. All data are given as mean AE s.d. unless otherwise stated. Table 1 provides the anthropometric characteristics of males (age 43.3 AE 15.8 y) and females (age 44.8 AE 13.7 y) for each age decade. Ranges of height, weight and BMI were 137 ± 188 cm, 33 ± 113 kg and 14 ± 44 kgam 2 , respectively. In males, the values of BMI, waist and hip circumference and waist ± hip ratio showed parabolic trends: the values were larger for older age groups in the younger generations but smaller in the older generations. In females, the values of BMI, waist circumference and waist ± hip ratio were larger in the older age groups and a parabolic trend peaking in the forties was seen for hip circumference. The numbers of subjects with BMI ! 25 kgam 2 and BMI ! 30 kgam 2 were 155 (24.8%) and 15 (2.4%) for males, and 315 (17.6%) and 41 (2.3%) for females, respectively.
Results
The mean values and percentile distributions of body composition of the whole body for the age groups are shown in Table 2 and Figure 1 , respectively. In males, curvilinear trends similar to the trend for BMI was seen for FM and %FM, whereas LM, BMC and BMD were similar among the three age groups between 20 and 49 y and then became smaller at older ages. Thus, the increase in %FM in the age groups between 20 and 49 y was due to the increase in FM, while the decrease in %FM in older groups was due to larger rates of decline in LM and BMC compared with FM. In females, the mean values of FM were larger for Values are mean AE s.d. WC, waist circumference; HC, hip circumference; WHR, waist ± hip ratio. *P`0.05; **P`0.01; ***P`0.001 compared with the preceding age group. The values for each age group were signi®cantly different between males and females except for those indicated by { . Values are meanAE s.d. *P`0.05; **P`0.01; ***P`0.001 compared with the preceding age group. The values for each age group were signi®cantly different between males and females except for FM in age groups 30 ± 39 y and 40 ± 49 y.
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older age groups until the ®fties and then were relatively constant, while the mean values of LM, BMC and BMD were similar until the forties and then became smaller. The increase in FM in the younger age groups (20 ± 59 y) and the decreases in LM and BMC in the older age groups (50 ± 79 y) resulted in a linear increase in the mean %FM in females. For males, the numbers of subjects with %FM ! 20% and %FM ! 25% were 375 (60.0%) and 208 (33.3%), respectively. For females, the number of subjects with %FM ! 30% was 1078 (60.4%). The data obtained from the different anatomical regions are presented for FM (Table 3 and Figure 2 ) and LM (Table  4) . For both sexes, the age-related trends in the regional FM and LM were respectively similar to those seen in the whole-body FM and LM except for the trend in FM legs for females. For the ratio FM trunk aFM legs, the curvilinear trend in males and the linear trend in females resembled the trend for waist ± hip ratio. The mean %LM armslegs gradually became smaller at older age groups in either sex, while the ratio LM arms aLM legs remained relatively constant.
The trends in the age-related differences described so far were con®rmed by constructing multiple regression models with age as the independent variable (Table 5) . When appropriate, the quadratic term age 2 was also included in the model. For males, the dependent variables except for LM armslegs and BMD could be explained by quadratic equations, con®rming the curvilinear relations of these variables with age. Variables associated with the overall adiposity (BMI, FM, %FM) peaked around the age of 50 y, while those associated with the fat distribution (waist ± hip ratio and FM trunk aFM legs ) peaked at older ages of about 60 y. Variables on lean tissue and bone either peaked at ages in their late twenties (LM and BMC) or decreased linearly (LM armslegs and BMD). For females, variables { Females 20 ± 29 1.9 AE 0.9 6.8 AE 2.1 5.4 AE 3.7 0.75AE 0.29 30 ± 39 1.9 AE 0.8 6.8 AE 2.0 6.1 AE 3.7 0.85AE 0.34* 40 ± 49 2.3 AE 0.7*** 6.9 AE 1.8 7.9 AE 3.6*** 1.12AE 0.39*** 50 ± 59 2.4 AE 0.8 6.7 AE 1.8 9.2 AE 3.8*** 1.35AE 0.45*** 60 ± 69 2.4 AE 0.8 6.4 AE 1.9 9.5 AE 3.6 1.51AE 0.47*** 70 ± 79 2.3 AE 0.8 6.2 AE 2.0 9.6 AE 3.8 1.56AE 0.52 20 ± 79 2.2 AE 0.8 6.7 AE 1.9 7.6 AE 4.0 1.12AE 0.48
Values are meanAE s.d. *P`0.05; **P`0.01; ***P`0.001 compared with the preceding age group. The values for each age group were signi®cantly different between males and females except for those indicated by { .
Body composition and aging H Ito et al associated with adiposity either peaked at ages in the late seventies (BMI and FM) or increased linearly (waist ± hip ratio, %FM and FM trunk aFM legs ). LM, LM armslegs , BMC and BMD peaked at around the age of 35 y. The age giving the peak FM of 77 y was much older than that one might estimate from Table 2 in which the mean FM showed the maximum value in the age group 50 ± 59 y, but was in accordance with the trend in the median FM (Figure 2 ). The relatively large dispersion of FM for the values smaller than the median in the age group 70 ± 79 y (Figure 2 ) possibly led to such discrepancy. The values of the adjusted r 2 indicated that the models explained 5 ± 10% of the variances of the dependent variables related to the overall adiposity and 20 ± 35% of those related to the fat distribution for both sexes. The values of the adjusted r 2 for LM and LM armslegs were larger in males than in females while those for BMC and BMD were larger in females than in males.
The relations between the variables on body composition and aging were further examined by adding the terms height and weight as the independent variables in order to make adjustment for body size (Table 6) . In these models, adding the quadratic term age 2 did not signi®cantly improve the models and thus was not included in the models. The values of the adjusted r 2 substantially increased by including the two terms height and weight, especially for FM, LM and LM armslegs . The slopes of the age, b 1 , for FM were positive and nearly equal between males and females, indicating that the rates of increase in FM by aging were similar between males and females after controlled for body size. The negative values of b 1 for LM, LM armslegs , BMC and BMD indicated the decline in these dependent variables at older ages. LM armslegs decreased in older subjects for males, whereas the in¯uence of aging was no more signi®cant for females after adjusting for height and weight.
Discussion
This study describes the sex-and age-speci®c characteristics in body composition in Japanese adults. Several studies have already reported the body composition of Japanese measured by DXA in a smaller sample size (Tsunenari et al, 1993) or only for females (Ohmura et al, 1997) . The present study is one of the largest studies of this kind (Heitmann, 1991; Roubenoff et al, 1995; Pichard et al, 2000) , and is unique in that it presents data on the regional FM and LM as well as the body composition of the whole body.
To examine how representative the sample in the present study was of the Japanese population, the values of BMI in the present study were compared with those reported from the National Nutrition Survey, Japan (J-NNS) held between 1990 and 1994 (Yoshiiki et al, 1998) , which included more than 50 000 subjects sampled randomly and is the largest data set available for the Japanese population. The mean values of BMI in the J-NNS 1990 ± 1994 for subjects aged 20 ± 79 y were approximately 23.0 and 22.5 kgam 2 for males and females, respectively, which were similar to the values in the present study (Table 1 ). In the J-NNS 1990 ± 1994, the rates of subjects aged 20 ± 79 y with BMI ! 25 kgam 2 and BMI ! 30 kgam 2 were about 22 and 2%, respectively, which were also comparable to the results in the present study. In addition, the age-related trends in BMI seen in the J-NNS 1990 ± 1994 showed a curvilinear pattern for males with the peak around 50 y of age and a monotonous increase in females until the late sixties, which were both similar to those seen in the present study. Thus, our sample is typical of the Japanese population aged 20 ± 79 y.
Whole-body fat mass and percentage fat mass Recently, Yanai et al (1997) reported that the medians of BMI for Japanese are lower than those for Americans and (Heitmann, 1991; Roubenoff et al, 1995; Pichard et al, 2000) . The study on a Danish population aged 35 ± 65 y (Heitmann, 1991) conducted as a part of the MONICA study reported higher median values of BMI (range 24.5 ± 26.1 kgam 2 for males and 22.1 ± 24.7 kgam 2 for females), but comparative values of %FM in the thirties and forties (range 20.7 ± 23.6% for males and 26.2 ± 30.2% for females) and higher values in the ®fties and sixties (range 25.7 ± 26.9% for males and 33.8 ± 35.7% for females) for both sexes (Tables 1 and 2 , Figure 1 ). In the Framingham study (Roubenoff et al, 1995) , higher mean values for BMI (range 28.3 ± 29.2 kgam 2 for males and 27.0 ± 28.0 kgam 2 for females) and %FM (range 27.4 ± 30.1% for males and 34.7 ± 39.5% for females) were consistently seen for all age groups of ! 30 y compared with the present study. The study preformed in Switzerland on white Western Europeans (Pichard et al, 2000) showed similar mean values for BMI (range 22.1 ± 25.0 kgam 2 for males and 20.8 ± 24.7 kgam 2 for females) and smaller mean values for %FM (range 14.5 ± 20.9% for males and 24.5 ± 30.1% for females). The level of BMI in that study was lower than the randomly sampled Swiss population, probably due to a selection bias, as discussed by the authors. Two other studies with somewhat smaller sample sizes of about 1000 also showed higher %FM values compared with the present study (Barlett et al, 1991; Rico et al, 1994) . Although comparing the previous studies with the present study is not always easy due to the different characteristics of the study populations and de®nitions of the age category, it seems that the Japanese generally are less obese compared with the Caucasians, especially after middle age. The larger differences in %FM in the older ages between the present study and the previous studies may suggest that not only the genetic factor but also the recent`Westernization' of the Japanese lifestyle, especially in diet (Okayama et al, 1995; Yamamoto et al, 1999) , is responsible for the changes in body composition.
The trends in FM and %FM by aging were different between males and females (Table 5) . Curvilinear changes peaking around 50 y of age were seen for males, whereas linear increases in FM and %FM were seen for females. The adjustment for body size eliminated the sex-speci®c trends in FM related to aging ( Table 6 ), indicating that the body size was the main factor attributable to the difference seen between males and females. Although FM is highly correlated with weight (Smalley et al, 1990; Rico et al, 1994) , it is interesting that a small but a signi®cant contribution of age still remains after control for body size, which is in line with a report on other ethnic groups (Mott et al, 1999) . 
Regional fat distribution
The pattern of fat distribution, namely android, upper-body or central obesity, has been recognized as one of the important risk factors for cardiovascular disease, possibly even more important than the overall obesity (Lapidus et al, 1984) . In spite of its importance, only anthropometric measures, such as waist circumference or waist ± hip ratio, were used for evaluating fat distribution in studies with large sample size (Heitmann, 1991; Kertzman et al, 1994; Roubenoff et al, 1995) , which generally showed higher values of waist ± hip ratio compared with the present study. In the present study, the age-related trends in waist circumference and FM trunk and those in waist ± hip ratio and FM trunk aFM legs showed similar patterns for both sexes (Tables 1 and 3, Figure 2 ), suggesting that waist circumference and waist ± hip ratio are associated with FM trunk and FM trunk aFM legs . For males, FM trunk aFM legs showed a curvilinear trend with a peak in the late ®fties, while a linear increase in FM trunk aFM legs was seen for females. The nonsigni®cant differences in FM trunk aFM legs between males and females in the age groups 60 ± 69 y and 70 ± 79 y re¯ect the development of the android pattern of fat distribution for females in older ages, especially after menopause and may explain, at least in part, the increase in the risk of cardiovascular disease in the postmenopausal females (Kannel & Wilson, 1995) . 
Lean mass
Whole-body LM and LM armslegs were relatively constant at ages between 20 and 49 y and then decreased at older ages in both males and females (Tables 2 and 4 , Figure 1 ). Compared with the age group 20 ± 29 y, the mean values of the whole-body LM and LM armslegs in the age group 70 ± 79 y decreased to 85 and 81% in males and 89 and 93% in females, respectively, which are consistent with the previous studies (Forbes, 1987; Gallagher et al, 1997) . In the multiple regression analysis with age as the independent variable (Table 5) , the rate of change of the dependent variable is given by b 1 for the linear model, and by the ®rst derivative, b 1 2b 2 (age), for the quadratic model. For both LM and LM armslegs , the absolute magnitudes of the rates of change between age 20 and 79 y were consistently larger for males compared with females, con®rming the more rapid decrease in LM and LM armslegs for males. For LM and LM armslegs , the models explained 18% of the variances for males but only explained 2 ± 6% of those for females, indicating the stronger in¯uence of aging on the lean tissue for males than females. Similar ®ndings on the rate of change of the lean tissue were also obtained in the models controlled for body size (Table 6 ). The larger absolute value of b 1 for LM in males than in females indicated that the decrease in LM by aging was more rapid in males, although the difference was not statistically signi®cant. For LM armslegs , Gallagher et al (1997) reported the slopes (b 1 ) for age controlled for body size to be 70.06 and 70.09 for African-American and Caucasian men, respectively, which were larger in magnitude than the value for Japanese males (70.026) in the present study. Signi®cant association of age was also shown for female Americans (Gallagher et al, 1997) , which was in contrast with the present study. These results may suggest that the in¯uence of age is smaller in Japanese compared with the African-Americans or Caucasians when the change in body size is taken into consideration.
Bone mineral content and density Although BMC and BMD for the whole body generally showed age-related differences similar to those for LM (Tables 2 and 5) , the rates of decrease after 40 y were larger for females than males (Table 5) . Larger rates of decrease by age for females were also seen in models adjusted for body size (Table 6 ). The values of the adjusted r 2 for BMC and BMD in Table 5 and the standardized b 1 for BMC and BMD in Table 6 were all larger for females than males. These results indicated the larger contribution of age for females than males in the models, which is most probably due to the in¯uence of menopause on the bone metabolism in females (Ohmura et al, 1997) . The mean values of the whole-body BMD were smaller by 3 ± 10% than those previously reported for Japanese women (Ohmura et al, 1997) , which was unexpected since the mean BMI was larger in the present study than in that study. The reasons are not clear but the fact that the study calculated the mean values after excluding all values out of the range of mean AE 2 s.d. (Hoffmann's method) and the measurement of body composition was performed by a DXA scanner of a different ®rm (Lunar Corporation, Madison, WI, USA) may have led to the discrepancy. In spite of such differences in the absolute values, the relative decrease in the whole-body BMD in the age group 70 ± 79 y by about 20% compared with that in the age group 30 ± 39 y was similar between the two studies.
Limitations
The data in the present study were obtained from a single institute and were not sampled randomly. The subjects, who visited our institute for a health check-up, may have been somewhat more concerned about health compared with the general population, which may have in¯uenced the results of the present study. Although the mean values of BMI were comparable to those reported from a large national survey (Yoshiiki et al, 1998) , the survey was performed between 1990 and 1994 and it cannot be completely denied that the anthropometric features of the general Japanese population had changed by the time the present study started. In addition, geographical characteristics and the level of urbanization of Fukuoka City, which is located in the southwestern part of Japan with a population of 1.3 million, may have in¯uenced the results in this study. A national survey on a randomly sampled population indicated higher levels of relative weight and skinfold thickness in northeastern Japan (Ministry of Health and Welfare, 1993) . It has been reported that total cholesterol, which is known to correlate with adiposity, is higher for populations in urban areas than in rural areas (Okayama et al, 1995; Yamamoto et al, 1999) , although the difference between the two areas is becoming smaller. We tried to exclude subjects with medical problems that might affect body composition. However, it is possible that the screening was not adequate to exclude subjects with disorders such as endocrinological diseases or insidious malignant tumor. For the purpose of examining the age-related differences of body composition in general, subjects with a wide range of the levels of physical activity were included. Further studies are necessary to examine the effect of physical activity and other factors on body composition.
The results obtained from longitudinal studies may be different from those in the present cross-sectional study. Guo et al (1999) reported linear increases in BMI, FM and %FM in both sexes after 40 y of age, and Forbes concluded that the magnitude and direction of the fat-free body mass is strongly in¯uenced by the change in body weight (Forbes, 1999) , ie the fat-free mass may increase by gaining weight. Obesity is related to various disease and premature mortality (Hubert et al, 1983; Stevens et al, 1998; Must et al, 1999) , which may have led to the exclusion of obese subjects in the older age groups in the present study. A follow-up study on the subjects in the present study may provide some solution to the discrepancy.
In an attempt to dissect the in¯uence of aging on FM, LM or BMC from that of body size, we performed multiple linear regression analysis controlled for height and weight (Table 6 ). Weight is known to be highly associated with FM (Smalley et al, 1990; Rico et al, 1994) , while taller and heavier subjects are expected to require larger amounts of LM, BMC and BMD (Gallagher et al, 1997; Forbes, 1999; Ohmura et al, 1997) . Considering that FM, LM and BMC are the constituents of weight, the regression analysis with such adjustment is not without problems and should be interpreted cautiously. Nevertheless, we believe that the analysis provides some insight into the association between aging and body composition.
Finally, it should be kept in mind that the`age-related' differences shown in the present study and most of the previous studies were affected not only by the process of aging but also by the changes in lifestyle, such as nutrition (Okayama et al, 1995; Yamamoto et al, 1999) and motorization, and other environmental factors over recent decades.
Conclusions
This study presents the ®rst detailed data on body composition in healthy Japanese. We believe that it provides useful information when comparing with populations of different racial and ethnic backgrounds and studying subjects with various pathological conditions that can affect the body composition.
